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The invention disclosed in this document resulted from

research in aeronautical and space activities performed under

programs of the National Aeronautics and Space Administration.

The invention is owned by NASA and is, therefore, available for

licensing in accordance with the NASA Patent Licensing

Regulation (14 Code of Federal Regulations 1245.2).

To encourage commercial utilization of NASA-owned inventions,

it is NASA policy to grant licenses to commercial concerns.

Although NASA encourages nonexclusive licensing to promote

competition and achieve the widest possible utilization, NASA

will consider the granting of a limited exclusive license,

pursuant to the NASA Patent Licensing Regulations, when such a

license will provide the necessary incentive to the licensee to

achieve early practical application of the invention.

Address inquiries and all applications for license for this

invention to NASA Resident Office-JPL, NASA Patent Counsel,

Mail Code 180-801, 4800 Oak Grove Dr., Pasadena, CA 91103.

Approved NASA forms for application for nonexclusive or

exclusive license are available from the above address.

NRO-JPL
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AWARDS ABSTRACT

This invention relates to an apparatus for the accelerated

aging of polymers for predicting the outdoor service life of ar-

ticles formed from the polymers. Solar arrays must be encapsulated

in a weather resistant polymer to achieve a 20-year life expectancy

in terrestrial environments• Present aging test do not accurately

predict long term aging affects• Indoor tests use artificial light

which does not have the same distribution or intensity of solar
radiation. Indoor tests are absent the effect of wind and rain and

do not include the same light and dark cycling experienced out-

doors. Outdoor tests are not subject to these limitations. How-

ever, they require extremely long periods to reach induction of a

change of property such as elongation failure.

The method of the invention is based on the discovery that

heat is the accelerator, but not the initiator of photothermal

degradation reactions. Aging is, therefore, accomplished by the

addition of heat and natural sunlight, which is much more spectral-

ly consistent than artificial sources. Dark cycles' reactions are

also included, as are the other elements of weathering, such as

moisture, wind and rainfall. The only accelerating stress is temp-

erature, the other environmental conditions being present in their

natural occurrence and intensity• Referring now to the drawings

the outdoor, PHOTO-THERMAL AGING REACTOR (OPTAR) I0 contains sealed

components suitable for outdoor use. The optar contains a thermal

platen assembly 15 such as an aluminum sheet 26 faced with a sheet
30 of stainless steel and backed with silicone heaters 38. A

thermocouple 46 is mounted on the side of the platen. The platen

assembly 15 is mounted in a caulked, wooden frame and the frame 85

hinged at 16 so that it can be angled to face the sun. A control-

ler 22 controls temperature and a timer or light activated switch

64 can be utilized to switch the heaters on only during daylight

hours.

The OPTAR device is easily constructed from readily available

materials• The OPTAR does not require periodic replacement of

bulbs and the solar light source avoids the anomalies of failed

light sources and the error of unnatural light source. The test

method of the invention is comparatively inexpensive and requires

little maintenance while providing accelerated aging of polymers

in a manner accurately predicting real time induction of property

change.
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The invention described herein was made in the per-

formance of work under a NASA contract, and is subject to

the provisions of Public Law 96-517 (35 USC 202) in which

the Contractor has elected not to retain title.

i0

Technical Field

The present invention relates to the degradation of

polymers and, more particularly, this invention relates to

the accelerated aging of polymers for predicting the out-

door service life of polymers.
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Backqround of the Invention

In the past few decades our society's increasing

demands for energy have naturally resulted in increased

utilization of renewable resourcessuch as solar energy.

One of the most common techniques of directly tapping solar

energy involves the use of photovoltaic devices such as

silicon solar cells. In general, solar cells are deployed

in large solar arrays including numerous solar cells which

are intricately positioned and interconnected to provide

optimum electricity production.

A common problem in the use of solar cells is the

requirement that they be protected from the terrestrial

elements over a prolonged period of time. For example, in

order to be commercially successful, solar arrays must be

suitably encapsulated to achieve at least a 20-year life-

time expectancy in terrestrial environments. This has re-

sulted in a concerted effort to develop a suitable encap-

sulating materia[ to protect solar arrays from the elements

over _ sustained period of time.

P_,lymer fi_ms have been a natural choice as possible

solar cell enccpsulants. However, it has been a most dif-

ficult technical problem to develop proper polymers for
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ficult technical problem to develop proper polymers for

encapsulating the solar cell arrays to protect the optical-

ly and electrically active elements from the degrading ef-

fects of typical terrestrial environments. In general,

solar cell encapsulants have included three layers - the

pottant, an adhesive and a weather resistant layer. The

layer directly surrounding the solar cell is known as the

pottant. The pottant insulates and protects the delicate

mechanical and electrical elements of the solar cell

against vibrations resulting from wind, earthquakes and

other possible external forces. The adhesive layer is

necessary in order to secure the hard outer weather resist-

ant layer to the relatively soft shock proof pottant layer.

The weather resis£ant layer may be composed of different

materials such as a hard acrylic polymer on the top and

bottom surfaces and black or silicon rubber as a sealant

along the edges. This layer functions toprotect the solar

cell from rain, dust and other debris.

Plastics are finding increasing use in construction as

decorative panels, protective films, clear panels and are

increasingly being used in air and land vehicles. Many of

these plastics degrade due to ultraviolet and infrared com-

ponents of solar radiation, wind, rain and thermal cycling

they are exposed to in the terrestrial environment.

In order to evaluateplastics for suitability for long

term use, aging tests have been developed. Indoor tests

use artificial light which does not accurately reproduce

solar radiation. Laboratory tests are absent the effect of

wind and rain and do not utilize light and dark cycling as

experienced in an outdoor environment. Outdoor tests in

which a panel of plastic is mounted in a fixture facing the

sun do subject the sample of panel to realistic environ-

mental conditions. However, it requires very long test

periods to reach induction of a change of property such as

elongation failure.

Statement of the Invention

A method of accelerating the aging of polymers is pro-

vided in accordance with the invention. The method accur-
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ately predicts the outdoor service life of polymers. The

plastic part is piaced in the outdoor environment during
the test under realistically accelerated conditions.

Natural sunlight is used as the light sburce, thus avoiding

the unpredictable effect of unnatural, artificial light
sources. Furthermore, a natural light source is free, not

subject to failure and unpredictable periodic replacement.
All other environmental elements, such as rainfall and wind

are included in the test. The outdoor environment also

includes the effect of light-dark exposure experienced by

any polymer in outdoor service. The method permits accur-

ate prediction of outdoor polymer service life from mea-

surement of induction periods to a change in a property of

the polymer under realistically accelerated service condi-
tions.

The method of the invention is based on the discovery

that heat is the accelerator, but not the initiator of

photothermal degradation reactions. Aging is, therefore,

accomplished by the addition of heat and natural sunlight,
which is much more spectrally consistent than artificial

sources. Dark cycles' reactions are also included, as are

the other elements of weathering, such as moisture, wind

and rainfall. The only accelerating stress is temperature,

the other environmental conditions being present in their

natural occurrence and intensity.

The predictive capability of this type of aging may be

based on simple first-order behavior, in which the log of

particular property is found to be linear over time. Poly-
mers frequently depart from this type of behavior, however,

and show "induction period" behavior in which a property

changes suddenly after a period of time. It has been found
that the log of the induction period (for these polymers)

is linear when plotted against the reciprocal absolute

temperature (Arrhenius relationship).
This observation now permits heat to be used as a con-

trollable variable in the accurate acceleration of photo-

thermal degradation reactions. Extrapolation from high

temperatures to ambient temperatures permits the induction

period of polymer failure to be calculated with accuracy.
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This reveals the actual lifetime of the plastic part in

outdoor service.

The invention also relates to an Outdoor, Photo-

-Thermal Aging Reactor (OPTAR) device. The device is

designed to contain sealed components suitable for outdoor

usage. The OPTAR includes a thermal platen assembly such

as an aluminum sheet faced with a sheet of stainless steel

and backed with silicone heaters. A thermocouple is mount-

ed on the side of the platen. The platen assembly is

mounted in a caulked, wooden frame and the frame is hinged

so that it can be angled to face the sun. A controller

controls temperature and a timer or light activated switch

can be utilized to switch the heaters on only during day-

light hours.

The OPTAR device is easily constructed from readily

available materials. The OPTAR does not require periodic

replacement of bulbs and the solar light source avoids the

anomalies of failed light sources and the error of unnatur-

al light source. The test method of the invention is com-

paratively inexpensive and requires little maintenance

while providing accelerated aging of polymers in a manner

accurately predicting real time induction of property

change.
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Statement of the Prior Art

I. Patents relating to the Testing Method.

PATENT NO. ISSUED PATENTEE

3,753,952

3,825,626

3,865,767

3,886,683

8/21/73
7/23/74
2/11/75
6/03/75

Guillet et.al.

McGaugh et.al.

Boberg

Hudgin et.al.

The first group of patents relate to testing of poly-

mers intended to photodegrade in the environment -- the

opposite characteristic desired in solar cell encapsulating

films for which the OPTAR was designed. These patents dis-

close either outdoor solar aging experiments or indoor

accelerated U.V. testing. The patents recognize the con-

tribution of heat as an accelerator but not an initiator of

photo-actinic degradative aging. The most relevant patent

is Hudgin et al who at Column 13 disclose photothermal
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degradation and the construction of a wooden frame for

holding samples of polymer in the outdoors. The ambient

temperature is closely monitored. None of the patents dis-

close heating a polymer sheet while i£ is exposed to sun-

light.

I!.

PATENT NO.

2,563,875
2,780,708

3,697,728

4,725,710

4,733,057

Patents Relating to the Sheet Heating Devices

ISSUED

o8/14/51
02/05/57
10/10/72

02/16/88

03/22/88

PATENTEE

Salton

Glynn et.al.
Stirzenbecher
Ramus et.al.

Stanzel et.al.

The collected patents disclose strip heaters secured

to the rear surface of a substrate. However, these patents

do not disclose any device having sheet clamping means and

a hinged frame for exposing the sheet to the sun. The

patents also do not show timer-controllers or optical

switches for turning on the heaters during periods of sun-

light.

These and many other features and attendant advantages

of the invention will become apparent as the invention be-

comes better understood by reference to the following

detailed description when considered in conjunction with

the accompanying drawings.
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35
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Brief Description of the Drawinqs

Figure 1 is a side view in elevation of the heated

plate assembly;

Figure 2 is an isometric view of the OPTAR ractor

showing the strip heaters partially broken away to expose

the platen and thermalcouple;

Figure 3 is an exploded isometric view of the platen

assembly;

Figure 4 is an electronic block diagram of the OPTAR

aging rack controller;

Figure 5 is an illustrative curve representing the

natural outdoor aging pattern for unstabilized polypro-

pylene; and

Figure 6 is an Arrehenius plot of log time-to-failure

versus I/K for unstabilized polypropylene.
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Petailed Description of the Invention

Referring now to Figures 1 through 4, the OPTARdevice

I0 is shown placed on the ground 12 in an outdoor environ-

ment with the hinges 16 angled about 45 ° South to face the

device I0 toward the prevalent direction of the sun 18.

The elevation of the device i0 is adjusted by means of a

latitude adjustment screw 13 received through a threaded

flange ii attached to a frame member 50. The bottom edge

of the screw 13 bears against a plate 17. The hinges 16

are aIso attached to the plate 17. Strips of plastic 20,

are mounted on the front surface of the OPTAR device i0 by

means of changing bars 19 held by releasable clamps 14,

such _s De-Sta-Co. clamps, which flush mount the sheet on

the surface of a plate 28. The OPTAR device I0 is connect-

ed to a controller 22 by a lead 24.

The heated platen assembly 15 is formed of a thick

block_ 26 of a material having high heat capacity and con-

ductivity such as a half-inch thick block of aluminum. The

block 26 can have any shape, suitably a rectangle or

square having a side dimension between 1 and 5 feet, pre-

ferabIy a 3 foot square sheet of material. The block 26

may be faced with a smooth mounting plate 28 such as a

sheet of 16 gauge 3 or 4 stainless steel, 60 mil. thick

having a polished front surface 30. The mounting plate or

sheet 28 may be secured to the heating block 26 by means of

a layer 34 of adhesive suitably a silicone adhesive such as

RTV I_6. A heater 36 is applied to the rear surface of the

block 26 in order to provide better thermal management of

the block. It is preferred to use a plurality of strip

heaters 38 each of which is applied to the surface of the

blockby a suitable environmentally resistant adhesive such

as a Iayer 40 of silicone adhesive such as RTV 116. A

thermocouple well 42 may be provided in one end edge 44 of

the block 26. The well receives a thermocouple 46.

The heated platen assembly 15 is mounted in a rack 48

suitably formed of edge framing members 50 connected by

cross brace members 52. The cross members may be indented

by the thickness of the heated platen assembly 15. The

outer edges of the cross members are faced with thin facing
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strips 25 in order to form a cavity or well for receiving
the test strips 20 flush with the top surface of the fac-

ing strips 25. The frame members and facing strip should

be kiln dried and painted with an environmentally resistant
coating in order to be able to withstand the effects of

long term usage in the environment.

Referring now to Figure 4, OPTARaging rack controller

21, the device i0 is operated by the controller 22 which

turns the heaters on at sunrise and turns them off at sun

down and controls the temperature to a pre-set temperature

by means of signal generated by means of a thermocouple 46.

The controller 22 has a terminal 54 for connecting the heat

controlling unit to 120 volt power and a connector 58

receiving the signal wire from the thermocouple 36 and for

sending power to the strip heaters. The controller unit

may also contain a circuit breaker 59 indicator light 60

and a relay 62 for switching on the strip heaters 38 in

order to operate the controller in cold-dark cycles and

heated-light cycles. The controller contains a photoswitch

64. Optionally, the unit may be operated by a clock to

operate within dark and light cycles. A photoswitch bypass

66 may be provided when a timer is used for when it is

desired to operate or test the device. A thermocouple con-

nector 70 is connected to the controller 22. A ground

fault indicator circuit 72 may optionally be provided.

The device is operated by calibrating the device so

that the desired surface temperature is achieved and veri-

fied. A sheet of specimen polymer is then clamped so that

the measurement areas are flush with the heated surface and

exposed to sunlight. Test specimens are removed at known

intervals and their properties determined as a function of

time at a plurality of temperatures sufficient to estab-

lish an Arrhenius plot. This straight line plot can be

extrapolated to predict time and failure at normal ambient

temperature.

The first experiments were conducted on sheets of

unstabilized polypropylene. Figure 5 is an illustrative

representation of the natural outdoor aging pattern for

unstabilized polypropylene. It is a plot of elongatio n _
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break versus aging time outdoors. The aging is character-

ized by two stages: an initial induction period during

with the elongation at break is virtually unchanged, fol-

lowed by second stage that is an almost precipitous drop in

elongation. This second stage reflects brittle failure of

the polypropylene sample and the time associated with the

onset of this precipitous drop in the time-to-brittleness,

which is a function of temperature.

Tensile bars of unstabilized compression-molded poly-

propylene were placed on the OPTAR device at three tempera-

tures and aged until brittle. Figure 6 is an Arrhenius

plot of the time-to-brittleness at each of the OTPAR temp-

eratures. Extrapolation of the data line to lower air

temperatures predicts the known outdoor aging time of the

polypropylene at ambient conditions. A correlation coeffi-

cient of 0.97 indicates the very high accuracy of the meth-

od.

The OPTAR device of the invention has also been used

to test under accelerated aging conditions other polymers

such as ethylene vinyl acetate (EVA), polyurethane, poly-

vinylbenzimidazole and ethyl methacrylate (EMA). The OPTAR

device and method of the invention generates aging date in

the shortest times yet observed. In the case of the EVA

materials induction to change of tensile and modulus occur-

red at about 6,000 hours. For EMA induction occurred at

about 5,000 hours. For polyurethane induction occurred at

about 1,000 hours.

The aging method of the invention eliminate the diffi-

_/ities associated with irregular spectrum of artificial

light sources, exposes the specimen to other environmental

conditions such as rain and pollution and additionally

incorporates a dark cycle. Many chemical reactions occur

during the dark cycle which effect physical properties.

The only acceleration is from the elevated temperature, all

other environmental conditions being present in their nat-

ural occurrence and intensity. In summary the OPTAR device

is considered to have the following advantages:

(I) Uses natural sunlight, therefore, avoids the

spectrum distribution problems encountered with artificial
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light sources.

_) Uses temperature to accelerate the photothermal
reactions and is easily controllable.

(3) Includes dark-cycle reactions that are a natural

part of field exposure.

C4) Includes dew and rain water extraction effects.
_5) More closely resembles the environmental

conditions experienced by solar modules.

C6) Easily accommodates both discrete materials and

0PTAR modules.

_7) May be set at any temperature desired for the

purpose of varying the acceleration rate or extrapolating

to lower temperatures.

It is to be realized that only preferred embodiments

of the invention have been described and that numerous sub-

stitutions, modifications and alterations are permissible

without departing from the spirit and scope of the inven-

tion as defined in the following claims.
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ABSTRACT

pREDICTIVE AGING OF POLYMERS

A method of predicting aging of polymers operates by

heating a polymer in the outdoors to an elevated tempera-

ture until a change of property is induced. The test is

conducted at a plurality of temperatures to establish a

linear Arrhenius plot which is extrapolated to predict the

induction period for failure of the polymer at ambient

temperature. An Outdoor Photo Thermal Aging Reactor

(OPTAR) is also described including a bearable platen for

receiving a sheet of polymer, means to heat the platen and

switching means such as a photoelectric switch for turning

off the heater during dark periods.


